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PROCESS FOR PRODUCING A FILM FOR CONTROLLING 
THE CHEMOTACTIC FUNCTION AND AN ARTIFICIAL MATERIAL 
AND PROCESS FOR PRODUCING THE ARTIFICIAL MATERIAL 



Background of the Invention 

Field of the Invention 

[0001] The invention relates to a process for producing a film for controlling a 

chemotactic function. The film is composed of a thin film of a chemotactic factor substance 
in which the chemotactic factor substance is in a state in which it has a concentration gradient 
in one direction. The invention also relates to an artificial material which includes a film for 
controlling the chemotactic function on a substrate, and a process for producing the artificial 
material. 

Description of the Related Art 

[0002] Recently, it has been determined that the structure of an artificial material, in 

which the cell function can be controlled, contributes greatly to the formation of a biological 
material with a precise function for use in the study of a cell function and the like. 
[0003] For a particular type of artificial material, a material is used in which a cell 

growth factor or a cell adhesion factor has been fixed on a substrate of glass or a high 
molecular substance. Research is being conducted in which cell growth and differentiation 
are controlled by an artificial material of this arrangement. 

[0004] In order to conduct this research, an artificial material is produced on a 

substrate of glass or a high molecular substance in which a chemotactic factor substance, 
such as insulin or the like, has been fixed, and using this artificial material experiments are 
carried out with respect to the cell breeding process, cell differentiation, cell motion, see for 
example "Control of cell function by gradual fixing of the surface density of physiologically 
active macromolecules", "Polymer Preprints", Macromolecule Society Association, 9/20/99, 
Vol. 48, No. 10, pp. 241 1 to 2412. 
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[0005] The following issues have become evident as a result of the recent research: 

On a thin film of chemotactic factor substance, the cells move in the one 
direction with a higher concentration of the chemotactic factor substance by a process of 
determining or consuming the chemotactic factor substance. 

This behavior of the cells depends on the activity of the cells themselves. 

The speed of motion is higher, the greater the cell activity. 

The speed of motion is lower, the less the cell activity. 
[0006] It is therefore possible that a cell's activity can be confirmed by measuring the 

speed of motion of the cells using one of the above cell properties. However, in order to 
measure the speed of motion of the cells, a thin film is required in which the concentration of 
the chemotactic factor substance, positioned in an extremely small area, changes essentially 
continuously in one direction, but a process for producing a thin film with this positioning 
and concentration gradient is not presently known. 

Summary of the Invention 
[0007] The present invention eliminates the noted disadvantage of the prior art. 

Specifically, a primary object of the present invention is to provide a process for producing a 
film for controlling the chemotactic function in which a chemotactic factor substance is 
present in an extremely small area and in a state in which the concentration gradient of the 
chemotactic factor substance extends in one direction. 

[0008] Another object of the invention is to provide an artificial material which 

includes a substrate having thereon a film for controlling the chemotactic function in which a 
chemotactic factor substance is present in an extremely small area and in a state in which the 
chemotactic factor substance has a concentration gradient extending in one direction, and a 
process for producing the artificial material. 

[0009] These objects are achieved by a process of the invention for producing a film 

for controlling the chemotactic function, in which the direction of the concentration gradient 
is determined by the amount of irradiation, e.g., radiant light from a light source, changes. 
Specifically, the chemotactic factor substance has a concentration gradient due to the change 
in the amount of irradiation. This process is carried out in an atmosphere containing oxygen 
or ozone while a film containing a chemotactic factor substance is irradiated with light from a 
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source such that the amount of irradiation in the area of the film of the chemotactic factor 
substance changes continuously in one direction, and thus the chemotactic factor substance is 
degenerated according to the change in irradiation. 

[0010] The objects of the invention are also achieved by a process for producing a 

film for controlling the chemotactic function in which a light shielding plate is positioned in 
the area between the film of a chemotactic factor substance and a light source, positioned 
above the film, such that the positional relationship between the light shielding plate and the 
film of a chemotactic factor substance is changed relatively in the one direction. 
[0011] The objects of the invention are further achieved by a process for producing a 

film for controlling the chemotactic function in which a mask is positioned between the film 
and a light source positioned above the film. The mask is provided with a region of a light 
transmission factor change in which the light transmission factor changes continuously in the 
one direction thereby resulting in the area of the chemotactic factor substance, upon 
irradiation of the film, having a change in chemotactic function in one direction. 
[0012] The objects of the invention are also advantageously achieved by the above 

process for producing a film for controlling the chemotactic function in which the light 
source emits light with wavelengths that degenerate the chemotactic factor substance. 
[0013] The objects of the invention are still further achieved by a process for 

producing an artificial material which includes a substrate on which there is a film for 
controlling the chemotactic function obtained by the above described process for producing 
the film having a change in chemotactic function in one direction. 

[0014] The objects of the invention are specifically achieved by a process for 

producing an artificial material utilizing the following process steps: 

Providing a base treatment film including an adhesive film of an adhesive 
substance having the ability to bond the chemotactic factor substance, 
Irradiating the surface of the base treatment film, in an atmosphere containing 
oxygen or ozone, with radiant light from a light source such that the amount of 
irradiation in the area of the adhesive film changes continuously in one direction 
so that the adhesive substance is degenerated, and 

Applying a solution containing the chemotactic factor substance to the surface of 
the base treatment film. 
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The result is a film for controlling the chemotactic function in which a chemotactic factor 
substance is present and has a concentration gradient as a result of the change in the amount of 
irradiation of radiant light from the light source on the base treatment film; and thus an artificial 
material is obtained in which there is this film for controlling the chemotactic function on a 
substrate. 

[0015] The expression "continuously change" in the instant application is defined not 

only as a gradual continuous change with a constant ratio of change, but also includes an 
incremental change of the ratio of change; however, an essentially continuous change in the 
concentration is preferred. 

[0016] By the process of the invention for producing a film for controlling the 

chemotactic function, which is carried out in an atmosphere which contains oxygen or ozone, 
an area of a film of chemotactic substance is irradiated with light, such that the amount of 
irradiation changes continuously in one direction, and thus the chemotactic factor substance 
in the irradiated area is degenerated resulting in the concentration of the chemotactic factor 
substance changing essentially continuously. Therefore, a film for controlling the 
chemotactic function can be easily obtained in which a chemotactic factor substance is 
present with a concentration gradient in an extremely small area irradiated in one direction. 
[0017] Additionally, by the process as of the invention for producing an artificial 

material, which is carried out in an atmosphere which contains oxygen or ozone, an area of a 
film of an adhesive substance on a substrate surface is irradiated with light such that the 
amount of irradiation changes continuously in one direction causing the adhesive substance in 
this area to be degenerated. In the irradiated area, a base treatment film is obtained in which 
in one direction the amount of irradiation changes and as a result of the irradiation the 
concentration of the adhesive substance changes essentially continuously. Moreover, due to 
the fact that a solution which contains a chemotactic factor substance is applied to the surface 
of this base treatment film, a thin film can be formed in which the concentration of the 
chemotactic factor substance changes to the degree which corresponds to the change of the 
concentration of the adhesive substance in the base treatment film. Therefore, a film for 
controlling the chemotactic function can be easily obtained in which a chemotactic factor 
substance is present in the state in which it has a concentration gradient in one direction. 
[0018] The invention is described in further detail below with reference to the 
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accompanying drawings. 

Brief Description of the Drawings 
[0019] Figure 1 shows a substrate on which a film of chemotactic factor substance of 

the invention is formed; 

[0020] Figure 2 shows a schematic in which, between the film of a chemotactic factor 

substance formed on the substrate and a light source (not shown), a light shielding plate is 
positioned at a given location; 

[0021] Figure 3 shows a schematic of the state in which an area of the film of a 

chemotactic factor substance formed on the substrate is irradiated with radiant light from a 
light source; 

[0022] Figure 4 shows another embodiment of a film for controlling the chemotactic 

function of the invention which has been formed on the substrate, and a light shielding plate; 
[0023] Figure 5 shows the state of the surface of a glass substrate employed in the 

process of the invention; 

[0024] Figure 6 shows the state of a hexamethyl disilazane adhesive film which has 

been formed on a glass substrate; 

[0025] Figure 7 shows the process of the invention in which an adhesive substance 

comprising an adhesive film is degenerated by irradiation of the film of a hexamethyl 
disilazane adhesive substance with radiant light from the light source; 

[0026] Figure 8 shows a schematic of an artificial material of the invention with an 

arrangement in which a film for controlling the chemotactic function is formed on a glass 
substrate; 

[0027] Figure 9 illustrates the position of a cell positioned on one end of the film for 

controlling the chemotactic function formed on a substrate of an artificial material of the 
invention; and 

[0028] Figure 10 illustrates the movement of a cell positioned on one end of the film 

for controlling the chemotactic function formed on a substrate of the invention according the 
concentration gradient of the chemotactic factor substance. 



Detailed Description of the Invention 
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[0029] The process of the invention for producing a film for controlling the 

chemotactic function is used to form a thin film which can control the chemotactic function 
of cells, and includes a process step in which, in an atmosphere which contains oxygen or 
ozone, a film of a chemotactic factor substance is irradiated with radiant light from a light 
source such that the amount of irradiation changes continuously in one direction in the area of 
the film of a chemotactic substance that is irradiated. It is necessary that the area of the film 
of a chemotactic substance to be irradiated has a larger dimension than the cell which is to be 
controlled (normally with an outside diameter from 10 microns to 30 microns). 
[0030] Specifically, the following methods (1) and (2) can be employed for 

irradiating the area of the film of a chemotactic substance to be irradiated with radiant light 
from a light source: 

(1) Method in which, in the area between the film of a chemotactic factor substance 
and a light source, located above this film of a chemotactic substance, there is a light shielding 
plate and in which the area of the film of chemotactic substance to be irradiated is gradually 
irradiated with radiant light from a light source by changing the positional relationship between 
this light shielding plate and the film of a chemotactic factor substance relatively in one direction 
(hereinafter called the "First Method"). 

(2) Method in which, in the area between the film of a chemotactic factor substance 
and a light source which is located above this film of a chemotactic substance, a mask with a 
region of light transmission factor change in which the light transmission factor changes 
continuously in one direction (hereinafter called "certain mask") and in which, over the area of 
light transmission factor change of the certain mask, the area of the film of chemotactic 
substance is irradiated with radiant light (hereinafter called the "Second Method"). 

[0031] The expression "chemotactic factor substance" is defined as a chemical factor 

substance which is used as a stimulation source for manifestation of the chemotactic property 
of cells with the chemotactic function. Specific examples of such substances are insulin, 
aspartic acid, and 3\5'-cyclic AMP P'^-cAMP = 3\ 5 f -cyclic adenosine monophosphate). 
[0032] Processes for producing a film for controlling the chemotactic function by the 

First Method and the Second Method are further described below. 

Process for producing a film for controlling the chemotactic function by the First Method 
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[0033] First, as shown in Figure 1, a solution which contains the chemotactic factor 

substance is applied to the surface of a substrate 1 1 , and a thin film of the chemotactic factor 
substance 14 is formed by drying. 

[0034] Next, above the film of a chemotactic substance 14 formed on the substrate 1 1 

(top in Figure 2), there is a light source (not shown) and in the largest part (in the largest part 
at left in Figure 2) of a substrate 1 8, composed of, for example, silica glass, a light shielding 
plate 17 is readied which has a light shielding part 17A provided with a film 19 that has been 
formed thereon, for example, by vapor deposition of chromium. The light shielding plate 1 7 
is placed at a given point of the area 21 between the film of chemotactic factor substance 14 
and the light source. 

[0035] In this example, the entire surface of the film of a chemotactic substance 14 

(top in Figure 2) is used as the area 15 which is to be irradiated, as is shown in Figure 2. The 
light shielding plate 1 7 is parallel to the film of a chemotactic factor substance 1 4 and spaced, 
for example, 50 microns away from the film of the chemotactic factor substance 14. The 
plate 17 shields, by the light shielding part 17 A, in the entire area of the area 15 which is to 
be irradiated. 

[0036] As is shown in Figure 3, the area which is irradiated with radiant light is 

gradually enlarged as follows: 

In an atmosphere which contains oxygen or ozone in the form of air or the like, 
for example, under the condition under which the illuminance of the radiant light is for example 
5 mW/cm 2 , the light source is shifted into the operating state. 

Thereafter, the light shielding plate 17 is moved from one end 15A (right end in 
Figure 3) in the area 15 of the film of a chemotactic substance 14 to the other end 15B (left end 
in Figure 3), i.e. to the left in Figure 3, with a constant speed, for example, of 5 microns/sec. 

Consequently, the area 1 5 to be irradiated is gradually irradiated with radiant 
light from the light source from the end 15 A. In this way, the entire area of the area 15 
which is to be irradiated is finally irradiated with radiant light from the light source (see 
Figure 4). 

[0037] In this embodiment, under the condition under which the distribution of 

illuminance in the entire area of the area 15 is uniform, the irradiation time from one end 15A 
to the other end 15B of the area 15 is gradually shortened, and the amount of irradiation of 
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radiant light from the light source for the area 15 is changed such that the amount of 
irradiation decreases continuously in the direction from one end 15A to the other end 15B. 
This embodiment provides a film 30 for controlling the chemotactic function with a 
concentration gradient in which the concentration of the chemotactic factor substance 
increases from one end 3 OA to the other end 30B as shown schematically in Figure 4. 
[0038] Specifically, for illustration purposes, Figure 4 shows the film 30 for 

controlling the chemotactic function in the state in which its surface (top in Figure 4) is 
inclined. In this inclined state of the surface, the concentration gradient is shown as a change 
of thickness in which the concentration of the chemotactic factor substance increases from 
one end 3 OA to the other end 3 0B. 

[0039] The solution which contains a chemotactic factor substance can be a solution 

which is formed by dissolution of the chemotactic factor substance in a solvent, such as for 
example alcohol, water or the like. The solution which contains the chemotactic factor 
substance can also contain a binder in an amount in which no detrimental effect is imparted to 
the control function of the resulting film 30 for controlling the chemotactic function. 
[0040] The film of the chemotactic factor substance 14 has an actual thickness of one 

monomolecular layer up to several multimolecular layers of the chemotactic factor substance. 
This thickness differs depending on the type of chemotactic factor substance, but is normally 
0.1 micron to 1 micron. 

[0041] It is necessary for the light shielding part 17A of the light shielding plate 17 to 

have a width which is greater than or equal to the width of the area 15 which is to be 
irradiated (length of the direction perpendicular to the page of the drawing in Figure 2) of the 
film of the chemotactic substance 14. 

[0042] The light source should be a light source which emits light in wavelengths 

which decompose and degenerate the chemotactic factor substance. 

[0043] It is advantageous for the wavelength of the light source to be less than or 

equal to 220 nm, especially less than or equal to 200 nm, when the atmosphere contains 
oxygen. In the embodiment in which the atmosphere contains ozone, it is advantageous for 
the wavelength to be less than or equal to 300 nm, especially less than or equal to 270 nm. 
[0044] Specifically, the light source can be an excimer laser, an excimer lamp, a low 

pressure mercury lamp or the like. An excimer lamp which has a bright line at a wavelength 
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of 172 nm, or a low pressure mercury lamp which has bright lines at a wavelength of 185 nm 
or 254 nm can be advantageously used. 

[0045] In this process for producing a film for controlling the chemotactic function by 

the First Method, radiant light from the light source comes into contact with oxygen or ozone 
to form active oxygen by the action of UV radiation contained in the radiant light. The film 
of the chemotactic factor substance 14 is ashed by the oxidation reaction by this active 
oxygen. As a result, in this film of a chemotactic factor substance 14, the concentration of 
the chemotactic factor substance decreases in the area which has been irradiated with radiant 
light from the light source. In doing so the following factors are to be considered: 

The ashing ratio of the film of a chemotactic substance 14 depends on the 
amount of irradiation of radiant light. 

The ashing ratio of the film of a chemotactic substance 14 is proportional to the 
irradiation time. 

[0046] This means that the film 30 for controlling the chemotactic function with a 

concentration gradient in which the concentration of the chemotactic factor substance 
increases from one end 30A which corresponds to the end 15A to the other end 30B which 
corresponds to the other end 15B can be easily formed by gradually shortening the irradiation 
time of the radiant light from the light source for the area 1 5 which is to be irradiated from 
one end 15A to the other end 15B and by reducing the ashing ratio. 

[0047] Furthermore, in this process for producing a film for controlling the 

chemotactic function, the light shielding plate 17 is moved with a constant speed, by which in 
the area 15 the radiant light from the light source changes continuously with a constant ratio 
of change. The resulting film 30 for controlling the chemotactic function therefore has a 
concentration gradient for which the concentration of the chemotactic factor substance 
continuously changes with a constant ratio. 

Process for producing a film for controlling the chemotactic function by the Second Method 
[0048] First, a film of the chemotactic factor substance in the form of a thin film is 

formed on a substrate 1 1 of for example glass by the same process as in the First Method. 
[0049] Then, above the film of the chemotactic substance on the substrate a light 
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source is placed, a certain mask is prepared and it is placed at a given location between the 
film of the chemotactic factor substance and the light source. 

[0050] In this example, the certain mask has a region of light transmission factor 

change in which the transmission factor increases gradually from one end to the other end. 
The certain mask is arranged such that the region of light transmission factor change 
corresponds to the area of the film of a chemotactic factor substance to be irradiated, and is 
located parallel to the film of the chemotactic factor substance and at a location, for example, 
50 microns from this film of a chemotactic factor substance opposite the entire area to be 
irradiated. 

[0051] The substrate is irradiated in an atmosphere which contains oxygen or ozone, 

such as air or the like, under the illuminance of the radiant light, at for example 5 mW/cm 2 , 
shifted into the operating state. The entire area of the area of the film of a chemotactic factor 
substance is irradiated at the same time with the light which has been emitted from the light 
source over the region of light transmission factor change of the certain mask. 
[0052] In this way, the irradiation time of the radiant light from the light source is 

uniform over the entire area to be irradiated with the certain mask and the illuminance 
increases gradually from one end of the area of light transmission factor change of the certain 
mask to the other end. Therefore, the amount of irradiation from the light source changes 
such that it continuously increases in the direction from one end to the other end. In this 
way, a film for controlling the chemotactic function is formed with a concentration gradient 
in which the concentration of the chemotactic factor substance decreases from one end to the 
other end. 

[0053] The certain mask for controlling the distribution of the illuminance has a 

region in which light transmission factor changes essentially continuously in one direction. 
That is, the mask for controlling the distribution of the illuminance includes a mask in which 
the light transmission factor changes from one end to the other with a constant ratio of 
change, or a mask in which the light transmission factor changes incrementally from one end 
to the other. In the certain mask in which the light transmission factor changes incrementally, 
the amount of change of the light transmission factor corresponds to the amount of desired 
change of the concentration of the chemotactic factor substance of the resulting film for 
controlling the chemotactic function. Therefore, it is necessary to set this amount of change of 
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the light transmission factor to correspond to the range in which the resulting film for controlling 
the chemotactic function has the desired amount of change of the concentration to enable a 
control function for the cells to be developed. 

[0054] Specifically, the certain mask for controlling the distribution of illuminance 

can be a filter, for example a transparent substrate on which a film has been formed by vapor 
deposition of a metal in a pattern. The pattern includes openings arranged such that the size 
of the opening increases from one end of this transparent substrate to the other end. This film 
can be produced, for example, by the method which is disclosed in Japanese patent disclosure 
document HEI 7-35921. 

[0055] The light source can advantageously be an excimer lamp or a low pressure 

mercury lamp, as in the First Method. 

[0056] In this process for producing a film for controlling the chemotactic function by 

the Second Method, radiant light from the light source comes into contact with oxygen or 
ozone to form active oxygen by the action of UV radiation contained in the radiant light. The 
film of the chemotactic factor substance 14 is ashed by the oxidation reaction by this active 
oxygen. As a result, in this film of a chemotactic factor substance 14, the concentration of 
the chemotactic factor substance decreases in the area which has been irradiated with radiant 
light from the light source. In doing so, the following factors are to be considered: 

The amount of ashing of this film of a chemotactic substance depends on the 
amount of irradiation of radiant light. 

The amount of ashing of this film of a chemotactic substance is proportional to 
the illuminance. 

[0057] This means that the film for controlling the chemotactic function with a 

concentration gradient in which the concentration of the chemotactic factor substance 
decreases from one end to the other end can be easily formed by gradually increasing the 
illuminance of the radiant light for the area to be irradiated from one end to the other end and 
by increasing the ashing ratio. 

[0058] Since, in this process for producing a film for controlling the chemotactic 

function, the entire area of the area of the film of a chemotactic factor substance is irradiated 
at the same time with radiant light, the time which is necessary for the process of irradiating 
the film of a chemotactic substance with radiant light is shortened more than in the process 
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for producing a film for controlling the chemotactic function by the First Method. 
[0059] By the above described process, a film for controlling the chemotactic 

function is produced by irradiating, in an atmosphere which contains oxygen or ozone, the 
area of a film of a chemotactic factor substance with radiant light such that the amount of 
irradiation changes continuously in one direction. Thus, the chemotactic factor substance in 
the irradiated area is ashed, resulting in the irradiated area having a continuous change in the 
concentration of the chemotactic factor substance, i.e., concentration decreases according to 
the increase of the amount of irradiation of radiant light from the light source. Therefore, a 
film for controlling the chemotactic function can be easily obtained in which a chemotactic 
factor substance and has a concentration gradient in an extremely small area irradiated in one 
direction. 

[0060] In practice, by the process for producing a film for controlling the chemotactic 

function by the First Method and by the process for producing a film for controlling the 
chemotactic function by the Second Method, a film for controlling the chemotactic function 
with a concentration gradient can be easily obtained in which even in an extremely small area 
the concentration of the chemotactic factor substance changes in one direction even when the 
area to be irradiated has a width of the one direction of irradiation that is extremely small in 
size, for example, 1 00 microns. 

[0061] Since the film for controlling the chemotactic function, obtained by this 

production process, has a concentration gradient in which in one direction the concentration 
of the chemotactic factor substance changes essentially continuously, it can be 
advantageously used as the material component of an artificial material for confirmation of 
cell activity. 

[0062] The artificial material of the invention includes a substrate having a film for 

controlling the chemotactic function obtained by the above described process for producing a 
film for controlling the chemotactic function. 

[0063] In an artificial material of this arrangement, the substrate can be the substrate 

used in the process for producing the above described film for controlling the chemotactic 
function. Therefore, a support structure, including a film for controlling the chemotactic 
function formed on the substrate, is obtained by the process described above for producing a 
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film for controlling the chemotactic function and can be used unchanged as the artificial 
material. 

[0064] The artificial material in which there is a film for controlling the chemotactic 

function on the substrate (hereinafter also called "artificial material") can be produced by the 
sequence of process steps of the invention for producing a film for controlling the 
chemotactic function by forming the support structure from the substrate and the film for 
controlling the chemotactic function. The process for producing an artificial material which 
contains a film for controlling the chemotactic function is, however, not limited thereto, but a 
single embodiment is described by the method below. 

[0065] A liquid of an adhesive material with the ability to cement the chemotactic 

factor substance is applied to the top surface of a glass substrate 1 1 which has for example 
the surface state shown in Figure 5; a chemotactic factor substance, such as hexamethyl 
disilazane (HMDS), which is described by the formula (1) below, in the form of an adhesive 
liquid is applied and drying is carried out. A film 43 of an adhesive material in the form of a 
thin film is formed which has the surface state shown in Figure 6. 

Formula (1) (CH 3 ) 3 Si - NH - Si(CH 3 ) 3 

[0066] The film 43 of adhesive material which is formed on the substrate 11 is 

irradiated in an atmosphere containing oxygen or ozone, such as for example air or the like, 
with a radiant light source, of an illuminance of for example 5 mW/cm 2 , in an operating state 
such that the amount of irradiation in the area of the film 43 of adhesive material which is to 
be irradiated (in this example, on the entire surface of the film 43 of adhesive material) 
changes continuously in one direction (to the right and left in Figure 6). 

[0067] The method for irradiating the area of the film 43 of adhesive material with 

radiant light from the light source can be the same methods as the First Method and the 
Second Method for producing the film for controlling the chemotactic function, specifically 
the methods (A) and (B) described below. 

(A) Method in which between the film of an adhesive material and a light source 

above this film there is a light shielding plate, and the area of the film of an adhesive material is 
gradually irradiated with the radiant light from the light source while the positional relationship 
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between this light shielding plate and the film of an adhesive material is relatively changed in 
one direction. 

(B) Method in which in the area between the film of an adhesive material and a light 

source located above this film there is positioned a certain mask with a region of light 
transmission factor change in which the light transmission factor changes continuously, and in 
which the area of the film of adhesive material is irradiated with radiant light from the light 
source over the region of light transmission factor change of the certain mask. 

[0068] Due to the irradiation (UV) treatment, the adhesive material comprising the 

film 43 of an adhesive material is decomposed by the action of the UV radiation in the 
radiant light from the light source on the oxygen or ozone, as is shown in Figure 7. As a 
result, the film 43 of adhesive material the concentration of the adhesive material decreases in 
the area which is irradiated with radiant light from the light source. Since the ratio of the 
reduction of this concentration of adhesive material is proportional to the amount of 
irradiation of radiant light, because for the area which is to be irradiated from one end (right 
end in Figure 7) to the other end (left end in Figure 7) the amount of radiation of the light 
source gradually decreases, a base treatment film 45 (in Figure 8) is formed with a 
concentration gradient in which the concentration of the adhesive material decreases from 
one end to the other end. 

[0069] Since in the resulting base treatment film 45 the ability to cement the 

chemotactic factor substance with the adhesive material has been lost by degeneration, the 
chemotactic factor substance is cemented proportionally more frequently, the more the other 
end with the high concentration of the adhesive material is approached. Figure 7 shows the 
state in which the adhesive material which is present in the right area of the film 43 of 
adhesive material is degenerated. 

[0070] By applying a solution which contains a chemotactic factor substance to the 

entire surface of the base treatment film 45 which has been formed on the substrate 1 1 , as is 
shown in Figure 8, a film 30 for controlling the chemotactic function is formed in which there 
is an adhesive substance in the state in which the concentration gradient is present which 
corresponds to the concentration gradient of the concentration of the adhesive substance in 
the base treatment film 45 and which specifically has a concentration gradient in which the 
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concentration of the chemotactic factor substance increases from one end (e.g., the right end 
in Figure 8) to the other end (left end in Figure 8). 

[0071] Figure 8 shows the film 30 for controlling the chemotactic function in the state 

in which its surface (top in Figure 8) is inclined. In this inclined state of the surface, the 
concentration gradient is shown as a change of thickness in which the concentration of the 
chemotactic factor substance increases from one end to the other end. In this way, a artificial 
material is produced in which the film 30 for controlling the chemotactic function is formed 
on the substrate 1 1 . 

[0072] The film 30 for controlling the chemotactic function has the same function as 

the film for controlling the chemotactic function which is obtained by the above described 
process for producing a film for controlling the chemotactic function. 

[0073] The light source can advantageously be an excimer lamp or a low pressure 

mercury lamp. It is advantageous for the wavelength of the light source to be less than or 
equal to 220 nm, especially less than or equal to 200 nm, when the atmosphere contains 
oxygen. In the embodiment in which the atmosphere contains ozone, it is advantageous for 
the wavelength to be less than or equal to 300 nm, especially less than or equal to 270 nm. 
[0074] The process for confirming cell activity using this artificial material can be 

carried out as follows, as is shown for example in Figure 9. 

A cell 35 with activity which is to be confirmed (hereinafter also called the 
object cell) is placed with the artificial material on one end with a low concentration of the 
chemotactic factor substance of the film for controlling the chemotactic function. 

The time is measured during which the object cell 35 moves to one side of the 
film 30 with a higher concentration of the chemotactic factor substance and finally reaches the 
end with a higher concentration of the chemotactic factor substance as is shown in Figure 10, 
e.g., by observation using a microscope. 

The activity of this object cell 35 is confirmed based on the speed of movement 
of the object cell which is computed by the distance moved and the movement time of this 
object cell 35. 

[0075] It is necessary that the chemotactic factor substance for the film for controlling 

the chemotactic function be suitably chosen according to the type of object cells, the ambient 
test conditions and the like. If, for example, the object cell is a bacterium, a film for 
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controlling the chemotactic function can be composed of aspartic acid as the chemotactic 
factor substance. When the object cell is a cellular myxomycete, a film for controlling the 
chemotactic function can be composed of 3',5'-cAMP (3',5 f -cyclic cAMP) as the chemotactic 
factor substance. Further, it is possible for this process for confirming the activity of the 
cells using an artificial material to be used also for studying the metastasis of cancer cells. 
[0076] While the invention has been described above with regard to particular 

embodiments, various changes within the scope of the present invention can be added. For 
example, in the process for producing a film for controlling the chemotactic function by the 
First Method the positional relationship between the film of a chemotactic factor substance 
and the light shielding plate can change in relative terms. That is, instead of or in addition to 
the light shielding plate moving, the substrate on which the chemotactic factor substance is 
formed can also move. Furthermore, in the process for producing a film for controlling the 
chemotactic function by the First Method the positional relationship between the film of a 
chemotactic factor substance and the light shielding plate can change intermittently according 
to a control function such that the concentration of the chemotactic factor substance of the 
resulting film for controlling the chemotactic function changes incrementally. 
[0077] Additionally, in the process for producing a film for controlling the 

chemotactic function by the First Method and in the Second Method when using insulin as 
the chemotactic factor substance and using a glass substrate, hexamethyl disilazane (HMDS) 
can be applied to the surface of the glass substrate which makes the glass surface 
hydrophobic, and has the result of cementing insulin and facilitating its attachment, and an 
insulin film can also be formed after degeneration of the surface of this substrate. 

Action of the Invention 

[0078] By the process of the invention for producing a film for controlling the 

chemotactic function, in an atmosphere which contains oxygen or ozone, an area of a film of 
chemotactic substance is irradiated with radiant light from a light source, such that the 
amount of irradiation changes continuously in one direction and that, thus, the chemotactic 
factor substance in the irradiated area is degenerated. This results in the concentration of the 
chemotactic factor substance changing essentially continuously. Therefore, a film for 
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controlling the chemotactic function can be easily obtained in which a chemotactic factor 
substance is present in the state in which it has a concentration gradient in an extremely small 
area and in one direction. 

[0079] In the artificial material of the invention, on the substrate there is a film for 

controlling the chemotactic function in which a chemotactic factor substance is present in the 
state which has a concentration gradient in one direction in an extremely small area and is 
obtained by the above described production process. The speed of movement of the cells can 
be measured using this artificial material and thus the activity of the cells can be confirmed. 
[0080] By the process of the invention for producing an artificial material, in an 

atmosphere which contains oxygen or ozone, an area of an adhesive film substance formed 
on a substrate surface is irradiated with radiant light such that the amount of irradiation 
changes continuously in one direction and that the adhesive substance in this area to be 
irradiated is degenerated. Thus, in the irradiated area, a base treatment film can be obtained 
in which in one direction the amount of irradiation changes which results in the concentration 
of the adhesive substance changing essentially continuously. Moreover, due to the fact that a 
solution which contains a chemotactic factor substance is applied to the surface of this base 
treatment film, a thin film can be obtained in which the concentration of the chemotactic 
factor substance changes in a manner which corresponds to the change of the concentration of 
the adhesive substance in the base treatment film. Therefore, a film for controlling the 
chemotactic function can be easily obtained in which a chemotactic factor substance is 
present in the state in which it has a concentration gradient in one direction. 



